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(57) [Tbs^rt] 16 InVemi ° n]: Wafer P ° Iishin 8 Method and ««> Apparatus 

lathe while it is being polished * ^ ,S bemg P° hshed WIthout removing the wafer from the 

Kt^ of the polishing pad 5 that has been affixed to the tuning ,athe 

8, which polishes the wafer. The 2 hed SSSL ?Si2 v PP ° ? *' " ^ "* prCSSed by the wafer ««PP°« plate 
imaging display using an hmJI^S^^^ * ™" ito " ng * rCfleCtiv,ty during, device or an 

the polisheLrface !f the J?7 fro m l^^Z! ^".t^i^ ? Ught *« * refteed fr ™ 

center of rotation of the polishing pad 5. ' ^ ° etWeen the lathe 1 Md the Peripheral edge and 

{See source for diag ram. 
5 Polishing Pad 
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[Scope of Patent Claims] 

[Claim 1] A wafer polishing method in which polishing solution is dripped onto the surface of a turning lathe that is covered 
with a polishing pad, while a wafer that is affixed to the wafer support plate is polished by pressing and turning the wafer 
support plate. In this method, the state of the reflected light is viewed from the window between the lathe and the peripheral 
edge and center of rotation of the polishing pad in order to determine the state of the polishing. 

[Claim 2] The method described in Claim 1 in which the light's reflected state is viewed with an imagine display device and an 
imaging device that uses a charged coupled device. y 

EcT ^ 71,6 deSCr ' bed Claim 1 in which the state of the I '2 ht s reflected state is viewed using a spectral measuring 

[Claim 4] A wafer polishing device that is equipped with the following. A lathe that is turned by a rotation device a polishing 
pad that is affixed to the surface of the lathe, a wafer support plate that is turned by the rotation device and is placed so that it 
can move in the axial direction in opposition to the polishing pad between the center and the peripheral edge of the lathe a 
groove that extends in the radial direction on the surface where the polishing pad is affixed between the center and the ' 
peripheral edge of the lathe, a polishing pad window made in the polishing pad that matches said groove a hole in the 
aforementioned groove in the lathe, a clear window that closes off said hole, a probe that receives the reflection of the light that 
is projected onto the po .shed surface of the wafer that is fixed to the wafer support plate through the aforementioned clear 
window, an optical cable that is connected to said probe, a device that is connected to the optical cable and supplies light to the 
optical cable and a device for observing or evaluating the reflected light Mippnes ngnr to tne 

[Claim 5] A wafer polishing device that is equipped with the following. A lathe made of clear materials that is turned by the 
rotanon device, a polishing pad that ,s affixed to the surface of the lathe, a wafer support plate that is turned by the rotation 
device and place so that „ can move in the axial direction in opposite to the polishingpadbetween the center and The 
peripheral edge of the lathe, a groove that extends in the radial direction in the surface where the polishing pad is affixed 
between the center and the peripheral edge of the lathe, a pol.shing pad window in the polishing pad that matches said groove 
a probe that receives the reflection of the light that ,s projected onto the polished surface of the wafer thatTs fixeo to die wafer' 
support plate through the aforementioned lathe, an optical cable that is connected to said probe, a device that sTonnttted xo 
he optical cable and supplies light to the optical cable and a device for observing or evaluating the reflected lighT 
£la.m 6] The wafer pol.shing device described in Claims 4 or 5 in which the groove in the lather is shaped and bordered by 
two nearby straight lines that extend radially from the center ooroereo oy 

Sn^ni? 6 WafCr ^If'," 8 d T iCe deS f ribed in any ° f ClaimS 4 > 5 or 6 in which ,he device for vi ^ing the reflected light is 
made up of an imaging d.splaydev.ce and an imaging device that uses charged coupled devices 

[^SSS^SS? d6ViCe dCSCribed ° f C ' a,mS 4> 5 " 6 " WhiCh thC dCViCe f ° r Viewin * the M is 

[Detailed Explanation of the Invention] 

[0001] 

[Technical Fields of the Invention] 

P 7 Cn l re ' a !f S ? 3 P ° liShlng dCVice and 3 me,hod for semiconductor wafers, and in particular for SOI 

(Silicon on Insulator) wafers and other wafers with films ' 
[0002] 

Z71 £2 'r,^ Widely , u f ed met J hod l of P° lishin 8 semiconductor wafers using friction between the wafer and the polishing 
pad, a lathe that has a polishing pad affixed to its upper surface is turned and, while dripping polishing solution ontofce 
polishing pad, a wafer that has been affixed to a wafer support plate is pressed while rotating, againstlhe polishing p d using 
the wafer support plate. In this method, the amount of polishing normally is adjusted with the polishing S wh«f Sctly 

SS? SUCh t C h 0nd ' ,,0nS . aS f thC l3,he ' the P° ,ishin S load > the ™ of polishing solution supp ied and £ 

temperature or the rpm and rocking of the wafer. «wncu annus 

[0003] The average processing speed is calculated from the polishing time and the amount by which the wafer's thickness is 
reduced during pohshmg and used to determine the polishing time. With normal wafer polishing, therels no other method for 
measuring the processing speed and because variations of several percent in the processing speed caused b Z Tin the 
different conditions did not cause problems, this method was sufficient variations in the 

[0004] This polishing method is also applied in the case of wafers with films. Compared with the polishing of normal wafers 

*Zn,T range ° f T ' he VariaUOn ° f ,hC am ° Un ' of Poshing, so when anempts a7e n-SSSSte 

amount of processing using the polishing time, very strict process management is required since even very slight changes in 

SIT*? SP Ca T' i ? 110 ^- AdjUS, ' ng ,hC f ' lm ,hickneSS 15 ,he P-o-pal purpose with this so^of pohshmg and 
controlling the amount of polishing is nothing more than a means of accomplishing that. Since the film Mckn£ cTbe 
learned by using visual observation of interference stripes or through optical measurements, i, is common in^Simtal 
pohshmg, to interrupt the polishing occasionally to check the film thickness and determine when to stop pohshmg 

M ,t,!S.! hiS T e ?° d •' ' S3fe ° ne Wi,H fCW fai ' UreS ' ,here are ma "y P roblem s where production is concerned In other words 
each time the pohshmg » mterrupted the wafer has to be washed and dried, so the processing time per unit increases The 
mechanism for automata is complex, which also pushes up polishing costs. Furthermore, i the time hSSSemSLni 
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[0006] 

[Problems the Invention is to Solve] The present invention makes it possible to know the thickness of * f,i m rf,.,;., u- 
wKhou, having to remove the wafer from the lathe whi.e i, is being polished. Its %£SZP£l w a fc p S § 
method and dev.ce that can give polishing a high degree of precision and control efficiently 8 
[0007] ' ' 

mTwfr S °'. Vi K 8 ^k 0 ^ ? C meanS f0F S °' Ving ,heSC pr0blems wi,h ,he P resent in^ntion follow below 

(I) A wafer polishing method that determines the polished state as follows. While dripping polishing solution on a rotating 

iotherf " ' C V P0 " Shing ? ad h3S bee " afr,Xed ' 3 wafer ,hat is flxed ,0 a wafer support plau i pre «d aeainsH and 
pohshed using the wafer support plate. With such methods, light is projected onto the polished surface n JJ a u 

oohZ h' " ° b r ed H fr ° m 3 Wi " d ° W ' '° Ca,ed betWeen the lathe a " d < he «"« of rot on S th ^per p e^fe " o the 
polishing pad, m order to determine the polished state of the wafer penpnerai edge ot the 

Slil lh ^? >0d dCS f ibed ab ° Ve WhCre ,he refleCted State of the "g" 1 15 viewed w «h an imaging device that uses a 

roooll nT7 f V,C r t '!! ,magmg dlSP ' ay devi " ° r Viewed with a s P«* al refl "t>v»y meter 
(3) A wafer polishing device that is equipped with the following A lathe .hat ic u,™a u. 

pad that is affixed to the surface of the lathe^a Ser J^S^ JSi tZl 

can move ,n the axial d.rection in opposition to the polishing pad between the peripheral edeeLdZ, ? ftff " that " 

groove that extends radially over the surface where the poli shmg pad is affix^ZS the^S and h ', 3 , 

the lathe, a polishing pad window in the polishing pad that lines up with saS wo™ fhole inT 2 P ° f 

the lathe, a clear window material that closes said hole, a probe tnat re eives tb Reflected Keta^™ ^ ° f 

[0010] (4) A wafer polishing device equipped with a lathe that is composed of clear materials that are tnmeH k„ , 

dev.ce a polishing pad that is affixed to the lathe surface, a wafer support plate that rums by mean of Z , r T u 

by light passing through the aforementioned lathe an lS5,t, J I SUPP °" P ' a,e ' which is "'"^inated 

[0012] (6) The devices described above in which the device for observing the reflected light i5animaoi „ A ,. 
[0013] 

cameras, to capture the light that is refWr^ fiv,™ ~~u~u a Z ~r"P ,ea a ev, ce (U^D), the sort of device used in video 

This is then viewed on a CRT o ^S^S^^ SS2? * il,Uminated an ° p,iCal Cable 

device are used to determine the thicknesT S 2?» The interference stripes that appear on the imaging display 

lights or incandescent 5" s and 2 tSeS l It S 2 Eh " " Ft,"*?" " ViSib ' e Under °' d stvle ""Ascent 
[0014] Additionally, i, ,f possibles Sow Aat th filJ Z eacheH ,h H COlo ^ ed S, " pes a [ e visible und " incandescent light. 

solution is a suspension of microeranules w iZn^^l 1 the wafer is observed or evaluated, but the polishing 

-face where the been amxed between 

will become mixed in with the polish ng soh,, ion ^S^SrJ! T^'" P3d ' ,herC is a chance that air 

getting mixed in by allowing theVeS ^ f S miXed ? and ! he ho,e k «P s *™ 

groove, the groove and polishing pad window are ii m ^XwT k u P e ?° Ugh P ° llsh,ng solu,ion ln the 
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have two nearby straight lines that extend radially from the center of the lathe serve as a border so that the polished surface of 
the wafer can pass through the area from the center of the lathe to the periphery simultaneously. 

[001 7] With this sort of shape, if the wafer is subject to a pressurized load during polishing and rides up onto a non-pressurized 
part of the polishing pad from a pressurized part of the polishing pad, it will not get caught on the polishing pad window, but 
can ride over the depressions instead of the polishing pad window and ride up smoothly onto the polishing pad. 
[0018] Any position or shape may be used for the clear window in the groove. When the center of the wafer is sufficiently 
representative for observations or measurements, the clear window may be positioned under the center of the wafer's rotation. 
[0019] When the lathe is made of some material that does not admit light, such as aluminum, a hole may be made in the lathe 
and a clear window used to keep the polishing solution from leaking out and to allow the light to pass through as described 
above. However, when the lathe is made from materials that allow light to pass through, there would be no need for holes or 
clear windows. Nevertheless, in order to keep the gap between the polished surface of the wafer and the bottom of the groove 
small, it would be advisable to make the bottom of the groove as high as the area where the light is to pass through. 
[0020] Light is projected onto the polished surface of the wafer and it is not a problem to stop the polishing to observe or 
evaluate the light that is reflected with a probe, but when making such observations or evaluations while polishing, the window 
in the lathe that allows the light through will be turning as will the wafer itself, so when time is needed to observe or evaluate a 
specific place on the wafer precisely, it is advisable to move the probe back and forth in the same rotation path as the window 
that allows the light of the pass at the same speed as the wafer is turning. 

[0021] When evaluating the fiim thickness using a spectral reflectivity metering device, the film thickness can be calculated 
for each measurement which allows the final polishing to be determined precisely. Without calculating the film thickness while 
polishing, the spectral reflectivity may be calculated in advance for the target film thickness and polishing stopped when the 
measured spectral reflectivity matches the calculated values ° 
[0022] 

[Embodiments] We will explain the embodiment shown in Figures 1 and 2. Lathe 1 is an aluminum disk with a diameter of 
300 mm and a thickness of 10 mm. On one side is the fixed spindle that turns the lathe 1. In the surface on the side opposite the 
fixed spindle of the lathe 1 are two nearby straight lines that extend radially from the center. Groove 2 extends from near the 
center to near the peripheral edge. The center side of the groove 2 has a width of 5 mm and 15 mm at the periphery. It is 1 mm 
deep. Lengthwise and in the center of groove 2 is a hole 3 that is 10 mm in diameter. On the opposite side of groove 2, the hold 
expands in a cone shape. The Pyrex glass window 4 has been inserted into the hole 3 in the groove 2 side so that polishing 
solution will not leak out. 

[0023] The polishing pad 5, which is the same shape as the lathe 1 , is 0.7 mm thick and made of non-woven polyester soaked 
in a product called suba-500 urethane. It is affixed to the surface of the lathe 1 where the groove 2 is. The area corresponding 
to the groove 2 has been cut away in the same shape, forming the polishing pad window 6. The transparent window material 4 
protrudes 0.5 mm farther than the surface of the lathe 1, but even considering the elasticity of the polishing pad 5 it is 
sufficiently lower than the surface of the polishing pad 5 . 

[0024] Light is projected onto the polished surface of the wafer 7 to be polished and facing the rotation path of the clear 
window 4 on the side opposite the groove 2 in the lathe 1 . Probe 9 is positioned so that it picks up that reflected light. Probe 9 
has a built-m focusing lens and is connected to the optical cable 10. The other end splits into two cables, one of which is 
connected to a measuring-use light source, the other to a spectral reflectivity metering device not featured in the diagram. 
[0025] On one side, fixed to the rotation-use spindle is the disk-shaped, aluminum, wafer support plate 8 that is 10 mm thick 
and 1 10 mm in diameter. Two silicon wafers with thermal oxide films formed on their surfaces have been set in place with the 
thermal oxide films in contact. One of the wafers is ground flat to make an SOI wafer having a silicon film with a thickness of 
15 urn and a diameter of 100 mm. the surface that has not been ground flat is affixed using wax. 

[0026] An alkali solution containing silica powder with a granularity of 0.01 urn or less, produced by Rodel Nitta and called 
NALCO-2350, was diluted 20 times to produce a polishing solution that was dripped continually onto the surface on polishing 
pad 5 on the lathe 1 . We turned the lathe 1 at a speed of 50 rpm and the wafer holder plate 8, to which was affixed the wafer 7 
at a rate of 40 rpm. We positioned the center of rotation on the polishing pad 5 so that it would be over the clear window 4 and 
pressing at a polishing load of 1 0 kgf, we began to polish to the target thickness of 1 urn. 

[0027] Under these conditions, the linear motion speed of the clear window 4 is approximately 500 mm per second, so the time 
in which the center of wafer 7 can be measured through the window 4, which has a diameter of 10 mm is approximately 10 
msec for each passage. This amount of time is sufficient for a wavelength range of 680 ~ 800 nm and spectral reflectivity 
metering with a resolution of 1 nm. For a measurement reference point, we used a silicon wafer under the same conditions 
[0028] When polishing was started the spectral reflectivity of the film exhibited the same spectrum as the silicon wafer, 
however, as the polishing proceeded, we observed changes in the periodicity with respect to the wavelength of the reflectivity 
and the amplitude gradually increased. The individual peaks of the intensity of the reflected light reduced their shared gaps as 
they shifted to the shorter wavelength side. The shift in individual peaks led to a trading off of the peaks within the range of 
measured wavelengths and the gaps between peaks gradually widened. 

[0029] According to our calculations, the spectral reflectivity of a silicon film with a 1 urn thick SOI has a wavelength of 700 
nm and a peak of 770. When the position of one of the peaks fell below700 nm, we read the position of the next peak and when 
they reached 765 nm or more, we stopped polishing. If they were less than 765 nm, we continued polishing while tracking that 
position. 



[0030] After polishing 10 SOI wafers in this way, we were able to keep the median film thickness in the range of 0.98 - 1 .00 
urn for all of the wafers. The time required for polishing was in the range of 30 ~ 45 minutes. 
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[0031] 

[Comparative Examples] We polished identical SOI wafer silicon films under the same conditions as the embodiment The 
mid-point measurements of the film thickness were carried out through observations as follows. 1 . We stopped the supplv of 
the polishing solution and, after running purified water over the polishing pad, we stopped the rotation of the lathe and the 
wafer support plate. 2. We lifted up the wafer and the wafer support plate, rinsed them with purified water and then removed 
the excess water. 3. The light source that had illuminated the surface was projected onto the wafer for observations 4 We 
observed the film thicknesses using the following as a guide. 5. a) When the polishing was complete, the wafer was removed 
from the wafer support plate, b) When thicker than the target, polishing was resumed. After a specific amount of time, we went 

D3CK tO Step 1 . 

[0032] Guide to Judging Film Thickness based on Observations of Interference Stripes 

Stripes appear hazy under sodium lamp illumination: 8 ~ 10 urn or less 

clear " e , 

c , , 5 urn or less 

Stripes visible under 3-wavelength light-emitting fluorescent lamp illumination: 3 urn or less 

Visible even under old-type fluorescent light or incandescent light: 2 urn or less 

Rainbow colors visible under white light (normal illumination): 1 urn or less 

[0033] The net polishing time was 30 ~ 40 minutes, but the polishing was interrupted 2 ~ 4 times per wafer to measure the film 
thickness. For this reason, the average polishing time ran one hour. Based on the results of the film thickness measurements 
we determined when to stop polishing in 10-second units. Ultimately, however, the median wafer film thickness distnbution 
was in a range of 0.9 ~ U pm. Additionally, there was no improvement in the control even when we fine-tuned the stopping 
[0034] P ° 8 56 precision limit on conventional polishing methods. 

[Effect of the Invention] The present invention makes it possible to control polishing efficiently with a high degree of precision 
because „ ,s possible to know the film thickness while polishing without removing the wafer from the lathe whde plhmg !t 

[Brief Explanation of the Drawings] 

[Figure I] is a partial cross-section side view of the device of the present invention 
[Figure 2] is a partial flat diagram of the lathe 1 . 

[Description of Numbers and Symbols] 
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Lathe 


2 


Groove 


3 


Hole 


4 


Clear window 


5 


Polishing pad 


6 


Polishing pad window 


7 


Wafer 


8 


Wafer support plate 


9 


Probe 


10 


Optical cable 
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Abstract of JP7052032 

PURPOSE:To provide a polishing method of a 
wafer and the device therefor in which the 
thickness of a film can be known without 
separating a wafer from a surface plate during 
polishing, and accurate control of the polishing 
can efficiently be performed. 
CONSTITUTION:^ a polishing method in 
which a wafer 7 fixed on a wafer supporting 
plate 8 is pressed against the surface of a 
polishing cloth 5 stuck on a rotating surface 
plate 1 and polished while dropping polishing 
liquid on the surface of the cloth and rotating 
the wafer by means of the wafer supporting 
plate 8, the polishing is carried out while 
judging the polishing condition by observing 
the light reflecting condition of the polishing 
surface of the wafer 7 through a transparent 
window 4 provided between the rotational 
center of the surface plate 1 and the polishing 
cloth 5 and the circumferential edge by means 
of an image pickup device using a charge 
coupled element, an image display device, and 
a spectral reflection factor measuring device. 
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